rpm.
The mold was cultivated in a medium containing glucose, 2.5 g; glycerol, 2.5 g; yeast extract (Difco),7 0.5 g; and agar (Difco), 1.5 g; in 100 ml of distilled water (Tsuchiya et al., 1950 7Difco Laboratories, Inc., Detroit, Michigan. 212 500-ml flask consisted of 2 loopfuls of spores from the mold grown for 3 days on a slant of this medium at 30 C.
Dextrinogenic amylase activity was measured in the following manner: 20 ml of a 2 per cent soluble starch solution and 2 ml of an acetate buffer at pH 4.8 were placed into a 100-ml Erlenmeyer flask. Two ml of the filtered production medium broth at 30 C were added and all of the ingredients were mixed. Samples were taken at specified intervals and permitted to react with 1 ml of 0.1 N iodine and 0.1 N potassium iodide solution at 30 C. The time in min required for the color of the hydrolyzed starch solution mixture to match a redbrown dextrin-iodine color was measured and recorded. This procedure differs from the standard method described by Sandstedt et al. (1939) .
Saccharogenic activity was measured by determining the amount of reducing sugars produced during 30 min in 2 ml of the test solution used to determine dextrinogenic amylase activity. The reducing sugars were determined by the modified Somogyi method (Somogyi, 1945) . The activity was reported as follows: Activity = mg of reducing sugar X 100 mg starch (calculated as glucose) The basal synthetic medium used contained 2 per cent corn starch (Swansdown),8 0.2 per cent ammonium nitrate, 0.1 per cent sodium phosphate (dibasic), and 0.05 per cent magnesium sulfate heptahydrate. Generally 1 to 2 g of calcium carbonate per 100 ml medium was added after 24 hr of fermentation.
Results and Discussion A series of experiments was conducted with A. niger strain NRRL 337 using the basal medium with the addition of calcium phytate and various nitrogen sources. The results of these experiments are summarized in table 1 and indicate that 0.3 per cent wheat germ and calcium phytate gave the highest yields of dextrinogenic and saccharogenic amylase activities. The use of wheat derivatives has been previously recommended (Fukimbara, 1950; Murota et al., 1954) . Phytic acid derivatives occur quite commonly in wheat products.
An effort was then made to determine if inositol plus phosphate could be used to replace the phytic acid. biotin, niacin, pyridoxal, cobalamin, pantothenic acid, and folic acid, were added to the medium to determine whether they affected amylolytic activity. None of these vitamins, with the possible exception of thiamin and pantothenic acid, produced dextrinogenic and saccharogenic amylase activities higher than those obtained with controls containing no added vitamins or phytic acid. Each vitamin was also added to a basal medium containing added phytic acid, but none produced amylase activity greater than that observed in the phytic acid control. In the cases of thiamin and pantothenic acid, the saccharogenic amylase activity was slightly higher than that of the control containing no added vitamins, but it did not approach the value obtained in the presence of phytic acid.
In an effort to ascertain whether or not the phytic Several disaccharides were also metabolized by Aniger and the results are summarized in table 5. There was no significant production of dextrinogenic or saccharogenic amylase activity when the sugars were used in the absence of added phytic acid, and there was no discernible production of amylase activity even in the presence of phytic acid when lactose was the source of carbon. NIaltose appeared to be a slightly better carbon source than sucrose in respect to amylase activity.
Studies were also conducted on the utilizaton of uncooked starch as a carbon source. A summary of the results of a typical experiment is given in table 6. The basal medium contained 0.2 per cent NH4N'O3, 0.:3 per cent Casamino Acids (Difco), 0.1 per cent Na2HPO4, (Kneen and Beckord, 1946) , for saccharogenic activity. Surface culture studies were conducted with (a) 350-ml portions of media in 1000-ml Erlenmeyer flasks, each of which was equipped with a sampler (Beckord et al., 1946) ; or, (b) 100-ml portions of media in 250-ml Erlenmeyer flasks. All of the shakeflask studies were carried out with 100-ml portions of media in 500-ml Erlenmeyer flasks which were incubated on a rotary shaker at 290 rpm (model VS). Pilotplant studies were carried out in a 50-gal fermentor, which was equipped with automatic pH control (Fuld and Dunn, 1958) .
Cultures were carried on nutrient agar slants (Difco). The B. subtilis inoculum was prepared in inoculating flasks containing diluted production medium with a spore suspension of the test organism and incubating them for 24 hr on the shake table. The B. polymyxa inoculum was prepared by inoculating two loopfuls of spore-containing bacteria from a slant culture into 100 ml of nutrient broth in a shake flask and incubating for 24 hr. Most of the studies with these organisms were carried out at 30 C.
The basal medium for the B. subtilis study was, generally, dried distiller's solubles. The basal medium for B. polymyxa was essentially that described by Lulla (1951) Various carbon and/or nitrogen sources were added to this basal medium.
Dextrinogenic amylase activity was determined by the following procedure: 20 ml of a buffered 1 per cent soluble starch solution (pH 6.0) was added to a 50-ml Erlenmeyer flask, together with sufficient water to make a final volume of .30 ml after the sample was added. The flask was held at 30 i 0.01 C. When equilibrium was reached, the sample containing the enzymes was added. One-ml aliquots were taken at specified time intervals and mixed with 5 ml of dilute iodine solution and the time to approach a red-brown color was ascertained. An Using identical media, the yield by the surface culture method with a medium depth of 1.5 cm was 38 units per ml, whereas the yield by the submerged culture method was 40 units per ml after 97 hr. Thus, at an optimal area: volume ratio (Beckord et al., 1946) , there seemed to be no essential differences in yields by the surface and submerged culture methods.
Various nonsynthetic media were used for production in submerged culture. The best media, in order of efficiency, were distiller's solubles plus yeast extract; corn Variation of the initial pH of the medium in the range of pH 5.0 to 8.5 had no appreciable effect on the final yield of dextrinogenic amylase. This finding is in agreement with the claims of a recent patent (Hoogerheide and Laughery, 1951) .
Variation of the size of the inoculum within the range of 0.1 to 3 per cent (25 to 750 million bacteria per 100 g of medium) likewise showed no significant effect on dextrinogenic amylase yield. At inoculum levels of over 5 per cent, there was a slight, but not significant, decrease in the yield. This finding is in agreement with published reports concerning the surface culture use of B. subtilis (Beckord et al., 1945) .
It was found that the addition of various minerals, such as dibasic potassium phosphate, and/or a mixture of calcium chloride, sodium chloride, magnesium sulfate, manganese sulfate, and ferrous sulfate, did not affect yields of the dextrinogenic amylase produced in a distiller's solubles medium under submerged culture conditions. This fact is in agreement with the findings of others in respect to surface culture investigations (Beckord et al., 1946; Lulla, 1951) .
A study of the effect of phytic acid on the production of dextrinogenic amylase by B. subtilis in natural and synthetic media was undertaken. The synthetic medium used was essentially that employed for the studies with B. polymyxa. The results are summarized in table 8.
The addition of calcium phytate in amounts of 0.075 per cent or less to a basal medium containing 12 per The effects of the volume of the inoculum on saccharogenic activity was studied. A 5 per cent inoculum was found to be superior to both a 2 and 10 per cent inoculum.
The effects of various concentrations of calcium phytate on the production of saccharogenic activity in media containing the basal salts, 0.33 per cent asparagine, and 5 per cent starch were investigated and the results are summarized in table 9. It may be observed that calcium phytate markedly increased the saccharogenic activity of the basal production medium and that a concentration of calcium phytate greater than 0.2 per cent did not appear to enhance the results. Details of these studies have been published (Casey, 1958) . SUMMARY Calcium phytate and phytic acid, when added to synthetic and nonsynthetic media, increased the production of dextrinogenic and saccharogenic amylase activity by Aspergillus niger strain NRRL 337 under submerged culture conditions. When added to synthetic media, calcium phytate brought about similar results when glucose, fructose, mannose, sucrose, or maltose was the sole source of carbon.
Wheat germ, in the absence of added calcium phytate or phytic acid, produced higher amylase activity than a number of other nutrient sources.
Yields of dextrinogenic amylase by Bacillus subtilis strain NRRL B-941 appeared to be as high by submerged culture as by surface culture methods and were independent of inoculum size in the range of 0.1 to 3.0 per cent and of initial pH in the range of 5.5 to 8.4. Calcium phytate in low concentrations increased the yields of dextrinogenic amylase in natural and synthetic media.
Bacillus polymyxa strain NRRL B-372 was studied in synthetic media. The best nitrogen source for optimal saccharogenic activity was found to be asparagine at a concentration of 0.33 per cent; the best level of inoculum was found to be 5 per cent. Phytic acid significantly improved the saccharogenic activity in a synthetic medium.
